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[57] ABSTRACT

The present invention relates to a liquid crystal compo-
sition for use in thermal writing type liquid crystal dis-
plays in which a thermooptical effect is utilized. A tech-
nical subject of the present invention is to provide a
liquid crystal composition characteristically having an
extremely narrow nematic range and a low-melting
phase transition point, and another object of the present
case 1S to provide a liquid crystal display element using
this composition.

The present invention 1s directed to a liquid crystal
composition which comprises a component A compris-
ing at least one of 4-n-alkyl-4'-cyanobiphenyls repre-
sented by the formula (1)

wherein Rlis an alkyl group having §, 9, 10, 11 or 12
carbon atoms,

and a component B comprising at least one of 4-n-alkox-
ycarbonyloxy-4'-cyanobiphenyls represented by the
formula (2)

wherein R?is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms, a ratio of the component A to the
component B being from 25:75 to 95.5.

Since the liquid crystal composition of the present in-
vention has a nematic range of 2° C. or less, the writing
velocity of the display element is accelerated, and the
contrast on a projection screen is bettered, whereby
display quality 1s improved remarkably. Additionally,
since having a melting point of 0° C. or less, the liquid
crystal composition of the present inventin can be used
in thermal writing type liquid crystal displays without
any problems which can be utilized indoors and at room
temperature. |

13 Claims, No Drawings
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LIQUID CRYSTAL COMPOSITION

TECHNICAL FIELD

The present invention relates to a liquid crystal com-
position for use in thermal writing type liquid crystal
display devices utilizing a thermooptical effect, and this
liquid crystal composition is characterized by having an
extremely narrow nematic phase temperature range and
a low-melting smectic phase.

BACKGROUND TECHNIQUE

In recent years, the advancement of liquid crystal
display elements is remarkable, and most of these dis-

play elements are concerned with the application of

nematic liquid crystals. On the other hand, other liquid
crystal displays of different operation modes, in which
characteristics of the other liquid crystal phase are uti-
lized, have been intensively researched with the inten-
tion of putting these liquid crystal displays into practice,
and as one kind of these other liquid crystal displays,
there 1s a thermal wrniting projection device utilizing a
thermal optical effect of a smectic A phase. The system
of such a thermal writing projection device can provide
the display of a larger area and a higher information
capacity, both in the order, as compared with a conven-
tional TN mode (twisted nematic mode).
Characteristics required for the liquid crystal materi-
als used 1n this field are as follows:
(1) A wide smectic A phase range should be present
(preferably, the smectic A phase should exist even
at a temperature of 0 to —20° C. or less).

(2) A nematic phase range should be extremely nar-
TOW.

(3) Birefringence should be large.

(4) Specific heat and phase transition energy should

be small.

(5) Dielectric anisotropy value should be large.

Of these requirements, the paragaraphs (1), (2) and (3)
are considered to be important for the sake of the im-
provement of display performance such as the contrast
on a projection screen. The liquid crystal material hav-
ing the above-mentioned characteristics has not been
found in the form of a single compound at present, and
hence each mixture of various liquid crystal compounds
1s now investigated. Examples of these liquid crystal

compounds can be represented by the following general
formulae:

CnpH3,, + 1

(I
(11)
C”Hzn " CN
(I11)
CnHap + I"‘O CN
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-continued

. O
(V)
C—0 Br
|
O

(VI)
O

Furthermore, exemplary compositions of these com-
pounds are set forth in Table 1.

(IV)

CpHjz, +1

Br

CnH2n+ 1—0O

TABLE 1

mp SN NI NR
Composition Compounds (°C.) (*C.) (°C.y (°C)
a ig, hio, It 24 73.5 74 0.5

b Hg, 1110 12 37 42 5

C Ilg. II1p. Vg 6 53 56 3
d Ig, 0. TVy 8 41.5 47 5.5
e I1g, 1111, IVg — 30 46.8 51.0 3.2
f I1g, o, I1lg —~32.7 54.7 57.3 2.6

11143, IV VIg

In Table 1, the respective abbreviations have the
following meanings:

mp: Melting pomnt (°C.)

SN: Smectic/nematic transition point (°C.)

NI: Nematic/1sotropic transition point (°C.)

NR: Nematic range ("C.) (=NI (°C.) - SN (°C.)]

In the column of “Compound” in the table, for exam-
ple, Is means the compound of n=8 of Formula (I)
mentioned above.

With regard to the composition a, the nematic range
i1s as extremely narrow as 0.5° C., but the melting point
1s high, 24° C., which is in the vicinity of room tempera-
ture. Therefore, this compound is not practical, though
1t seems to be usable in experiments. On the other hand,
with regard to the compositions e and f, the melting
points are low, —30° C. and —32.7° C,, respectively,
but the nematic ranges are wide, 3.2° C. and 2.6° C,,
respectively. In consequence, these compositions are
not satisfactory.

The nematic range 1s a factor which has an influence
on the writing velocity and the display contrast of the
display elements, and when the nematic range is wide,
the writing velocity is low and the contrast also is poor.
That 1s, when thermal writing is carried out under con-
ditions of the wide nematic range, a long cooling time is
required in the nematic phase in the step of forming an
opaque smectic phase from an isotropic liquid via a
nematic phase, which causes the writing velocity to
delay. On the other hand, when the nematic phase state
remains for a long period of time, the liquid crystal is
oriented by a substrate which has been subjected to an
orientation treatment (vertical orientation or homoge-
neous orientation), so that the scattered smectic A phase
cannot be obtained, which causes the contrast to deteri-
orate.

With regard to the melting point, if 1t 1s 0" C. or less,
the composition having such a melting point can be
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used in its usual applications. However, when it 1s in-
tended to introduce long-term memory properties into a
liquid crystal element, the melting point of 0° C. or so is
insufficient and thus a lower melting point 1s demanded.

In addition to the above-mentioned compositions, the 5
other thermal writing liquid crystal compositions are
disclosed in Japanese Patent Laid-open Publication
Nos. 144383/1985, 252686/1985 and 2683790/1986, but
the compositions having a nematic range of 2° C. or less
and a melting point of 0° C. or less simultaneously can-
not be found anywhere.

An object of the present invention is to provide a
liquid crystal composition for thermal writing liquid
crystal elements, more specifically, a liquid crystal com-
position having an extremely narrow nematic range and
a low-melting phase transition point, and more particu-
larly the present invention is to provide liquid crystal
elements using the aforesaid composition.

DISCLOSURE OF THE INVENTION 20

The inventors of the present application have inten-
sively conducted research so as to solve the above-men-
tioned conventional technical problems, and they have
succeeded in obtaining a liquid crystal composition
having a nematic range of 2° C. or less and a melting
point of 0° C. or less.

A first feature of the present invention is directed to

1) a hiquid crystal composition which comprises a
component A comprising at least one of 4-n-alkyl-4'-
cyanobiphenyls represented by the formula (1)
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30

(1)

35

wherein R!is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,
and a component B comprising at least one of 4-n-alkox-

ycarbonyloxy-4'-cyanobiphenyl represented by the for-
mula (2)

wherein RZis an alkyl group having 8§, 9, 10, 11 or 12
carbon atoms,
a ratio of the component A to the component B being
from 25:75 to 95:5. Embodiments of the first feature of
the present invention are as follows:

2) A hiquid crystal composition which comprises, 1n
addition to the components A and B, a component C .,
comprising at least one of 4-n-alkoxy-4'-cyanobiphenyls
represented by the formula (3)

40

(2)

45

50

(3)

60
wherein R3 is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms, 65

a content ratio of the component C being 35% or less.
3) A liquid crystal composition which comprises, in
addition to the components A and B, a component D

4

comprising at least one of 4-n-alkanoyloxy-4’-
cyanobiphenyl represented by the formula (4)

(4)

. RACOO CN

wherein R4is an alkyl group having §,9, 10, 11 or 12
carbon atoms,
a ratio of the total of the components A and B to the
component D being from 95:5 to 45:55.

4) A liquid crystal composition comprising the com-
ponents A, B, C and D, a ratio of the respective compo-
nents being as described above.

The preferable embodiment of the component A In
the liguid crystal composition of the present invention
comprises the component A (1) of at least one selected
from 4-n-octyl-4’-cyanobiphenyl and 4-n-nonyl-4'-
cyanobiphenyl and the component A (2) of at least one
selected from 4-n-dodecyl-4'-cyanobiphenyl, 4-n-unde-
cyl-4’-cyanobiphenyl and 4-n-decyl-4'-cyanobiphenyl,
and a ratio of the component A (1) to the component A
(2) 1s from 50:50 to 90:10.

The component B in the liquid crystal composition of
the present invention comprises at least one of 4-n-

“alkoxycarbonyloxy-4'-cyanobiphenyl. Even when one

kind of component B is used, there is the effect of lower-
ing the melting point, but it is preferable to use two or
more kinds thereof. A preferable embodiment of the
component B comprises the component B (1) of at least
one selected from 4-n-octyloxycarbonyloxy-4'-
cyanobiphenyl and  4-n-nonyloxycarbonyloxy-4'-
cyanobiphenyl and the component B (2) of at least one
selected from 4-n-decyloxycarbonyloxy-4'-cyanobiphe-
nyl, 4-n-undecyloxycarbonyloxy-4'-cyanobiphenyl and
4-n-dodecyloxycarbonyloxy-4'-cyanobiphenyl, and a
ratio of the component B (1) to the component B (2) 1s
from 40:60 to 95:5.

A second feature of the present invention is directed
to a thermal writing liquid crystal display element con-
taining a liguid crystal composition which contains a
component A comprising at least one of 4-n-alkyl-4'-
cyanobiphenyl represented by the formula (1)

(1)

wherein R!is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,
and a component B comprising at least one of 4-n-alkox-
ycarbonyloxy-4'-cyanobiphenyls represented by the
formula (2)

wherein R?is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,

(2)

a ratio of the component A to the component B being
from 25:75 to 95:5. Embodiments of the display element
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include thermal writing liquid crystal display elements
using the above-mentioned compositions.

With regard to the liquid crystal compositions of the
present invention, when each alkyl group of the com-
pounds represented by the formulae (1), (2), (3) and (4)
has a short chain length, the melting point of the com-
posttion lowers, but the nematic range thereof expands.
On the other hand, when the alkyl group having a long
chain length is used, the melting point of the composi-
tion heightens, but the nematic range thereof narrows
or vanishes.

When the components A, B, C or D in the present
invention are used singly, the composition having a
nematic range of 2° C. or less and a melting point of 0°
C. or less which 1s contemplated by the present inven-
tion cannot be obtained.

In the components A and B constituting the composi-
tion of the present invention, the content of the compo-
nent B is preferably from 5 to 75%, and more preferably
from 10 to 609%. When the content of the component B
1s less than 5% or more than 75%, effects of adjusting
the nematic range and lowering the melting point are
insufficient

10

15

20

In the blend of the respective components constitut-

ing the liquid crystal composition of the present inven-
tion, even a mixture of the components A and B alone
can achieve the object of the present invention, but
when the component C and/or D is mixed with these
components A and B, the adjustment of the nematic
range and a clearing point as well as the descent of the
melting point can be performed with ease.

A liquid crystal composition of the present invention
can be used together with a dye, a cholesteric liquid
crystal and a high-temperature liquid crystal for the
adjustment of an NI point.

As the dye, there can be employed a dichroic dye 1n
a visible region which aims at the improvement of color
display or contrast, or a dichroic dye corresponding to
the wave length of a laser beam, which dye 1s used to
absorb the energy of the laser beam and thereby im-
prove the thermal efficiency. As such a dichroic dye, a
dye for a guest/host of the hiquid crystal can be used.
Typical examples of the dye include azo dyes, anthra-
quinone dyes and squalirium dyes.

The amount of the dye 1s 10% or less, usually 5% or
less.

Component Formula of Compound
A (1

CgHis

A (1)

A (2)

235

30

335

45

6

Typical examples of the cholesteric liquid crystal
include = 4'-cyano-4-(2-methylbutyloxy)biphenyl, 4'-
cyano-4-(2-methylbutyl)biphenyl, 4'-(2-methylbutylox-
y)benzoic acid-4'-cyanophenyl ether, 2-chloro-1,4-
bis(4-2-methylbutyloxyvbenzoyloxy)benzene and 4'-(2-
methylputyl)-4-bipheny]_carboxylic ~acid-4’-pentylcy-
clohexyl ester. The amount of the cholesteric liquid
crystal 1s 309% or less, usually 209 or less.

Typical examples of the high-temperature liquid crys-
tal include 4-n-nonyl-4"-cyanoterphenyl, 4-n-nonyloxy-
4”-cyanoterphenyl, 4-(trans-4-n-nonylcyclohexyl)-4'-
cyanobiphenyl, 1-(4"-n-hexylphenyl)-2-(4'-cyano-4-
biphenylyl)ethane, ‘trans-4-n-nonylcyclohexanecar-
boxylic acid-4'-cyanobiphenyl ester, 1-(4-n-hexylcy-
clohexyl)-2-(4’-cyano-4-biphenyl}-ethane, trans-4-n-
nonylbenzoic acid-4’-cyano-4-biphenylyl ester and
trans-4-n-nonyloxybenzoic acid-4'-cyano-4-biphenylyl
ester. The amount of the high-temperature liquid crystal
is 30% or less, preferably 209% or less.

PREFERRED EMBODIMENTS TO PRACTICE
THE INVENTION

Now, the present invention will be described in detail
in reference to examples, but the scope of the present
invention should not be limited to these examples.

EXAMPLES 1 TO 6

Liquid crystal compositions were prepared 1n accor-
dance with predetermined composition ratios (% by
weight) shown in Table 2, and their characteristics were
then measured. The results are set forth in the same
table. In Examples 2 and 5, two melting peaks come out.
Even when the peak on the side of 2 higher temperature
1s considered, a melt starting point is very low, —20° C,

or less. In Example 4, even a melt terminating point 1s as
low as —39° C.

COMPARATIVE EXAMPLES 1 TO 8

Following the same procedure as in the examples,
liquid crystal compositions were prepared, and their
characteristics were then measured. The results are set
forth 1n Table 3.

In Tables 2 and 3, the symbol * denotes a lower melt-

ing peak, and the symbol ** denotes a higher melting
peak.

TABLE 2
Example
1 2 3 4 5 6
34.3 34.3 32.3 13.6 10.2 28.8
10.5 10.5 190 8.0 6.0 12.0
10.5 10.5 190 8.0 6.0 12.0
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TABLE 2-continued
A (2) 14,7 14.7 19.0 8.0 6.0 7.2
B (1) 14.7 2.5 29.4 34.3
B (1) 9.0 30 1.5 18.0 - 21.0
QHIQ“OCOO—"CN
B (2) 6.3 1.0 12.6 14.7 9.0
CiaHys—0C0O0 CN
C 10.0
C
C 5.7
C 2.4 1.8
D _
D 15.0
D
D 6.0
Characteristics {“C. )
Clearing Point 51.6 51.5 50.1 604 62.5 57.9
SN Point 50.1 50.1 49.8 503 61.2 57.2
Nematic Range 1.5 1.4 0.3 1.1 1.3 0.7
Melt Starting Point —46 —31* —21** _ 14 —50 —47% —26%* _27
Melt Terminating Point ~22 —21* —16%* —2 39 _34% _19** _ g
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TABLE 3
Comparative Example
Component Formula Compound 1 2 3 4 5 6 7 8
A (1) 49 36.2 34 6.8 48 34
A (1) ' 15 213 20 40 20 20
A (2) 15 21.3 20 4.0 20 20
A (2) 2] 21.3 20 4.0 12 20
B (1) 49 39.2
C3H17—OCOO"CN
B (1} 30 24.0
CgH}g—OCOO"CN
B (2)

' 2] 16.8 22.5
C12H25—OCOO—" CN
C 25.0

CoH 190 CN

CioH2:10 CN

Ci12Hs0 CN

OO

CgHy7—COO CN

CgH 9= COO

OO
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TABLE 3-continued

CN

Characteristics (°C.)

CN

Clearing Point 45.9

SN Point 44.%

Nematic Range 1.0
Melt Starting Point -3
Melt Terminating Point 2

12
15.0
69.2 47.2 49.8 64.9 456  77.7 49.5
66.1 46.9 rux 63.1 440 %% 49,2
3.1 0.3 — 1.8 1.6 — 0.3
7 —12* 5% _13 -3 —6 3 10
20 0* g*» -3 7 0 16 0

***The N phase was not present.

POSSIBILITY OF INDUSTRIAL UTILIZATION

The liquid crystal composition and the liquid crystal
element of the present invention characteristically have
an extremely narrow nematic phase range and a low-
melting phase transition point, and therefore they are
desirable for use in thermal writing liquid crystal dis-
plays.

In the hquid crystal composition of the present inven-
tion, a nematic range can be actually set to a level of 2°
C. or less, and thus the writing velocity of the display
element can be accelerated. In addition, the contrast on
a projection screen is improved, whereby display qual-
ity can be improved remarkably. Since having a melting
point of 0° C. or less, the liquid crystal composition of
the present invention can be used in thermal writing
type liquid crystal displays without any problems which
are utilized indoors and at room temperature. In conse-
quence, it 1s fair to say that the liquid crystal composi-
tion of the present invention is a practicable liquid crys-
tal material.

We claim:

1. A liquid crystal composition which comprises at
least two components A and B, said component A com-
prising at least one of 4-n-alkyl-4’-cyanobiphenyls rep-
resented by the formula (1)

(1)

CN

wherein Rlis an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,
and said component B comprising at least one of 4-n-
alkoxycarbonyloxy-4’-cyanobiphenyls represented by
the formula (2)

wherein R2is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,
a ratio of the component A to the component B being
from 75 to 95:5.
2. A liquid crystal composition according to claim 1
which comprises, in addition to the components A and

(2)

20

25

30
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40
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B, a component C comprising at least one of 4-n-alkoxy-
4’-cyanobiphenyls represented by the formula (3)

(3)

CN

wherein R3is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,

a concentration of the component C being 35% or less.

3. A liquid crystal composition according to claim 1

which comprises, in addition to the components A and

B, a component D comprising at least one of 4-n-

alkanoyloxy-4'-cyanobiphenyls represented by the for-

mula (4)

(4)

R*CO0O CN

wherein R41is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,
a ratio of the total of the components A and B to the
component D being from 95:5 to 45:5%

4. A hiquid crystal composition according to claim 1
wherein the component A comprises a component A (1)
of at least one selected from 4-n-octyl-4'-cyanobipheny]
and 4-n-nonyl-4’-cyanobiphenyl and a component A (2)
of at least one selected from 4-n-dodecyl-4'-cyanobiphe-
nyl, 4-n-undecyl-4’-cyanobiphenyl and 4-n-decyl-4'-
cyanobiphenyl, and a ratio of the component A (1) to
the component A (2) i1s from 50:50 to 90:10.

5. A liquid crystal composition according to claim 4
which comprises, in addition to the components A and
B, a component D comprising at least one of 4-n-

alkanoyloxy-4’-cyanobiphenyls represented by the for-
mula (4)

wherein R4is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,

(4)
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a ratio of the total of the components A and B to the
component D being from 95:5 to 45:55.

6. A thermal wnting liquid crystal display element
containing a liquid crystal composition which contains
a component A comprising at least one of 4-n-alkyl-4'-
cyanobiphenyls represented by the formula (1)

@ ox

wherein Rlis an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,

(1)

and a component B comprising at least one of 4-n-alkox-
ycarbonyloxy-4'-cyanobiphenyls represented by the
formula (2)

- wherein R21is an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,

(2)

a ratio of the component A to the component B being
from 25:75 to 95.5.

7. A liquid crystal composition display element ac-
cording to claim 6 which contains, in addition to the
components A and B, a component C comprising at

least one of 4-n-alkoxy-4'-cyanobiphenyls represented
by the formula (3)

wherein R3is an alkyl group having 8, 9, 10, 11 or 12

(3)

carbon atoms,
a content ratio of the component C being 33% or less.
8. A liquid crystal composition display element ac-
cording to claim 6 which contains, in addition to the
components A and B, a component D comprising at

least one 4-n-alkanoyloxy-4'-cyanobiphenyl represented
by the formula (4)

10
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(4)

R4COO CN

wherein R#1s an alkyl group having 8, 9, 10, 11 or 12
carbon atoms,
a ratio of the total of the components A and B to the
component D being from 95:5 to 45:55.
9. A liquid crystal composition display element ac-
cording to claim 7 which contains, in addition to the
components A and B, a component D comprising at

least one 4-n-alkanoyloxy-4'-cyanobiphenyl! represented
by the formula (4)

«~OHO

wherein R4s an alkyl group having §, 9, 10, 11 or 12
carbon atoms,
a ratio of the total of the components A and B to the
component D being from 95:5 to 45:55.

10. A liquid crystal composition according to claim 2
which comprises, in addition to the components A and
B, a component D comprising at least one of 4-n-
alkanoyloxy-4'-cyanobiphenyls represented by the for-

mula (4)

having &, 9, 10, 11 or 12

(4)

(4)

where R%is an alkyl group

carbon atoms. |

a ratio of the total of the components A and B to the
component D being from 95:5 to 435:55.

11. A hquid crystal composition according to claim 2
wherein the component A comprises a component A (1)
of at least one selected from 4-n-octyl-4'-cyanobiphenyl
and 4-n-nonyl-4'-cyanobiphenyl and a component A (2)
of at least one selected from 4-n-dodecyl-4’-cyanobiphe-
nyl, 4-n-undecyl-4’-cyanobiphenyl and 4-n-decyl-4'-
cyanobiphenyl, and a ratio of the component A (1) to
the component A (2) 1s from 50:50 to 90:10.

12. A hquid crystal composition according to claim 1
wherein said composition has a nematic range of no
more than 2° C. |

13. A hquid crystal composition according to claim 1

wherein said composition has a melting point no higher
than 0° C.

¥ % X x %
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